A cyclic GMP-stimulated cyclic nucleotide phosphodiesterase gene is highly expressed in the limbic system of the rat brain.
Cyclic AMP and cyclic GMP serve as second messengers in a variety of neural cells, modulating their metabolic and electrical activity. The cyclic GMP-stimulated cyclic nucleotide phosphodiesterase, an enzyme whose hydrolytic activity is allosterically regulated by cyclic GMP in peripheral tissues, could play an important role in the regulation of cyclic nucleotide levels in the brain. To study the presence and distribution of cyclic GMP-stimulated phosphodiesterase in the rat brain, we cloned a portion of rat liver cyclic GMP-stimulated phosphodiesterase complementary DNA by polymerase chain reaction, using degenerate phosphodiesterase-specific oligonucleotide primers. Northern blot analysis of rat tissues reveals abundant expression of cyclic GMP-stimulated phosphodiesterase messenger RNA in the brain. Northern blot analysis of brain subregions shows especially strong expression in hippocampus and cortex, modest expression in the remainder of the forebrain and in the midbrain, and little expression in cerebellum and hindbrain. In situ hybridization studies with cyclic GMP-stimulated phosphodiesterase riboprobes confirm these northern blot results, and delineate cell groups with high levels of expression. Medial habenular nucleus is intensely labeled, as is hippocampus in the vicinity of pyramidal and granule cell bodies in areas CA1, CA2, CA3, and dentate gyrus. Other elements of the limbic system also contain cyclic GMP-stimulated phosphodiesterase messenger RNA, including olfactory and entorhinal cortices, subiculum, and amygdala. Additional cortical regions show more diffuse expression of cyclic GMP-stimulated phosphodiesterase messenger RNA, as do the basal ganglia. Cerebellum, thalamus, and hypothalamus do not show appreciable specific labeling. These studies demonstrate the presence of cyclic GMP-stimulated phosphodiesterase messenger RNA in specific regions of the rat brain, and suggest that the cyclic GMP-stimulated phosphodiesterase might modulate neuronal activity by regulating intracellular cyclic AMP levels in response to changes in intracellular cyclic GMP levels.